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This paper deseribes the preperation, analysis, and certification of 4 new series of

ntandard samplsa.

drogen &t three levels (32 gpm, PE ppm, and 215 ppm) an
erd Aamples Moz, 352, 353, and 354, respectively.

Buregu of Standards Stan

1. Introduction

The recent certification of National Bureau of
Standards Stapdard Samples Nos. 352, 353, and 354,
for hydrogen content in unnlloyed titanium shecl
marke the completion of (1) the lengthy process of
developing suitable test methods, {2} selecting and
vroducing adequate materials, and (3) the testing
necessaty for proving homogeneity and certification,
The need for theae standards resulted from the severe
fabrication difficulties which ocemrred during produc-
tion of titanium sheet az well as the veual desire to
use thess standards as reference material for speci-
fication compliance.

1.1. Government Titanium Sheet Program

Expericnees in wireraft desipn during and subse-
ueni to World War IT indicated a need for materials
or aeronaufic developments that had a Ligher
strencth-weight ratio and better elevated tempera-
ture performance than that of the best aluminum or
magnesium alloys. Since titenium and its alloys
seemed to have thege requirements, the Governwent
sponsored extensive programs for the produection of
titanium sponge and for the fabrication of vnalloyed
and alloved sheat.

Although the sponge production program pro-
gressed without too many difficulities, the sheet
msterials produced were so hard and brittle that
they could not be fabwicated into uselnl shapes. As
a cotiequence, concerted efforts were exerted to
identify and rernedy tha source of difficulty. There-
fore, it was necessary to develep new analytical
procedures and technigques for determmining the
amounts of impurities present in the materisl. The
data obtained were then used lor correlation p
betwesn the physical properties and eomposition.

These samples consiet of cnmmerciulﬁ( pure titanium containing hy-

haoie been designated National

In essence, the presence of excessive amounts of
hydrogen in the sheet was found to be the main
u%ﬁnder. Thia early research indicated that vacuum
annealing could be used as & remedial measure;
bowever, the ultimuata nnswer rust lia in the develop-
ment of metal-processing techniques, s shown by
the analytical methods, which would prevent the
metal and its &llovs frown initislly acecumulating
hydrogen in deletarious amounta,

1.2. Analytical Commites

In order to implement the analytical approach,
u task group on gas analysis with Dr. T\ D, ME inley,
Chairman, was organized under the Metallurgical
Advisory Committea on Titanium, Panel on Meihods
of Analysis with Mr, 5. Vigo, Chairman. In brief,
the efforts of this group resnlted in the recommenda-
tiong for analylical procedures which had been
proven by & number of “round-robin teats’” and by
statisiical analyses ot the test resulis. Thesa
recommendstions, in turn, creasted the need of
reference standerds for the hydrogen conient of
titmniym and its alloy produeta. The Chemieal
Metallurgy Section wae requested to prepare NBES
Standard aamples at thres different leve]g of hydrogen
content from sheet material pre under the
supervision of the Analytical Task up.

2. Preparation of Materials

2.1, Fabrication

The titanium shest unsed for making thess
siandards was commercially pure titanium (RS-70
Hoat No. R-11827) prepared by Rapublic Stea
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Corporation, [11' South Division, Canton, Obic
under a contract funded and sponsored by Waler-
town Arsenal. The cost of the material for the
samples waa abaorbed by HRepublic Steal Corpors-
tion, however, the processing (vacuum snnesling,
bydrogenation, surface grinding, and specimen cut-
ting) was covered by the Watertown Arsenal con-
tract and furnished to the National Bureau of
Standards without charge.

One coll 33 in. wide was cold-rolled to 0.055 in.
thickness, then mill sonenled, descaled, and cut
into twenty-four 58 in.-Jong shests,

2.2. Hydrogen Equilibration

The program for this sheet material was directed
towards the production of a series of samples ot
three diffcrent levels of hydrogen content in accord-
ance with the following:
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The sheet stock, as produced, contained 85 ppm
of hydrogen; thus it was necessary to hydrogenate
Groups [ and IT sheets to bring their hydro
contents above the desired amounts. ‘This operation
consisted of mubmersion in a bath of sedium hydride,
followed by a sulfuric acid wash to clean the sheats.
Following the hydeide treatment, the sheots were
gril blasted m order t0 create & high surface-to-
volume ratio which should enhance the out-gassing
and equilibration treatments.

For the hydrogen equilibration treatment, the
manufacturer has shown that at 1,300 +5°F
(704 £3 °C) the equilibration pressures were 1, 8§,
a,ndlmu for 30, 104, and 200 ppn hydrogen, respos-
tively.

Tha procedure employed by the producer consisted
of clamping each of fgur ﬂﬁeets at 2-in. intervals
within a wvertical retort annealing furnace; evacu-
ating prior to heating to prove the furnace airtight
and until & lealerate of <7 80 w/hr was achieved,
then the heat was applied. As the load reached
750 *F (300 °C) the furnace was blanked off to
insure against pumping off of any hydrogen, After
stabilizing at t.g)e 1,300 °F (704 "g} level, oil-difusion
pumps wera employed to attain the desired pressures.
These conditions were mainteined for 12 hr, following
which the samples were cooled to room temperatura
over a period of 72 hr under conditions which main-
tained uniformity of temperature throughout the
sheets to less then 10 °F (6 *C) in order to minimize
nfnunifonn distribution of tha hydrogen m the
shiceta,

The test results on Group IIT {30 ppm) sheets
revealed & high degree of uniformity. ]E‘E\ESB sheeta

1 Figuras in brackels Indicata the Hisratuve referoncas at the snd of this paper,
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were nibbled into ¥ in. squarea, vapor degreased,
dry-tumbled, and shipped to the National Bureau
of Stendards.

The preliminary test resualts on Group I and II
indicated that a hydrogen content gradient was
present in theshesta, In this instance it was decided,
therefore, to cut the sheets into 12 to 14 pleceas
12 in, X 15 in. and 18 in. X 15 in. Each of thesa
sheets was then fested and only those which had
hydrogen contents within the genersl limits set up
for the two groups wers proccased into Y in. squares
and fomrﬂ to NB3, The identities of theee
shocts were majniajned by Eackaging the squares
from each 12 in, > 15 in. and 18 n. X 15 in, sheet
separately. After each sheet had been tested at NBS
it waz then possible to narrow the limits of the
hydrogen content even further for the fnal semples,
which are the present published limits.

3. Test Method

There are four basie ahalyticsl procedures avail-
able for the detertnination of hydrogen content of
titanium. These are the vacuyum-fusion, hot-extrae-
tion, equilibrium-pressure measurement, and oxide-
tion methods.

In arder to compare these methods several *round
robing” have been conducted hy interested proups,
among which are Materials I.ra{umtory of Wright
Ajr ]%Bva]npment Center [2] an ad hoe group on
chemical snalysis of the Materisle Advisory Board
Titanium Alloy Sheet Rolling Panal, and sn induost-
rigl group working with titanium. It was found
that the hot extraction mathod at 1,400 °C appeared
to be the most practice]l mcthed o the ¢ase of
hydrogen as a considerable mmmber of specimens
can be anglyzed in one working day az againet four
or five for the wvaecuum-fusion method, and good
reproducible results ara ohtainable.

Tt was decided, therefora, to use the hot-extraction
method at 1,400 *C which 15 described in tho follow-
ing peragraphs. This method is now in the process
of being recommended by the Metallurgical Advizory
Committeo on Titanium, Penel on Methods of
Analysis to the American Society for Testing and
Materjals for certification ag a standard method.

The especimens to bhe analyzed weve selected ot
random from a particular group, cleaned of any oil,
grease, and foreign matter by washing with ethyl
ether, weighed, and inzerted into the control arme of
the vacuutn fusion furnace. A quartz crucible was
then packed with a new graphite crucible and graph-
ite insulation inserted, and Iflung within the furnace
assembly. The antire apparatus was then closed and
vacuum slowly applied until a suitable vacuum {ga
observed with s H(:Lead gauge) was obtained with
the mechanical pumps and the diffzsion pumps.
The furnace was elowly heated by induction to 2
temperature of 2,100 °C, which was maintained for
approximately 1 to 1% hr in order to outgas the

phite crucible and provide for a sufficiently low
lank correction which was considered a constant.
The temperature was then lowered to an operating
temperature of 1,400 °C +£20 °C and the vacuum



checked to insure that an operating pressure of less
than 1 x 10~ mm Hg was maintained. The blank
was then run, uwtilizing the methed and collection
times ¢ be used with the specimens. If the blank
was sufficiently low it was considered & conatant and
specimens run immediately. However, it was in the
intereat of accuracy and good practice that the hlank
correction be repeated every five or seven specimens
in order to insure against any unususal or unexpected
changes in values. If the hlank correction was exces-
give, the furnace temperature was raised for another
out-gaseing until a switably low hlank correction waa
obtainad.

When a suitable blank (epproximateiy 21077
H,} had heen obtained, the specimen (being non-
magnetic) was moved aiung the control atm with a
magnetic pusher and wag introduced into the furnace
at 1,400 *C, At thiz temperature, which was below
the melting point of the specimen, only the hydrogen
gas was liberated and collected as a tota] volume of
ﬁl&lf in the Tu?pler Pump for a period of 20 mwin,

& gas was then transferred by the pump into a

evacuated Mecleod gage where it was
measured as the total quantity ﬂfg hydrogen liberated
from the specimen, By using this figure and making
suttable corrections for the blenk and the calibration
of the McLeod gauge, the percentage or parts per
million of hydrogen gas in the specinen eouid be
computed and reported.

previous]

4. Tests and Regulis
4.1. NBS Sample No. 352

The low hydrogen sarmple, designated Group IIT
originally, now rumbered NBS 352, was originally
sat up to have a hydrogen content i the range 25 to

45 ppm.

]&cuusﬁ thiz material from the different sheats was
mixed at the manufacturer’s plant, it was not possihla
to segregate specific batehes with respect to position
in the original sheets, As a consequence, random
samples were selected by & quartering process from
the Eulk after it had bean su%'ectad to through mix-
ing, The test resulta from t-il.iﬂ material are given
for the individual laboratories in tables 1 to 6, aad
the ecombined resulis by several cooperating Tabo-
ratoriea are given in table 7,

4.2, NES Bample No, 353

The intermediate hydrogen sample was prepared
In the same manner as the low hydrogen material.
However, the teat samples were salegted from the
nibbled specimens from tha 12 in. x 15 in. and 18 in.
x 15 in, sections which were cut from the original
sheets, as previously described.

The results for this selected material are given for
the individual laboratories in tables 1 to &, sod the
summary of results obtained from the combination of
the test data from the wvarious cooperating labo-
ratories ia given in table 8.

4.3. NBS Sample No. 354

The high hydrogen materia] was prepared in the
same manner wnsofar 8s sampling is concerned as was
gample No. 353. The results for the material selectad
for the standard are given for the individual labo-
ratories in tables 1 to 6, and the results obtained by
the combination of the results from the various
laboratories is givan in table 9.

5. Standard Samples

The availability of thesa threa new standurds for
the hydrogen content of titanium has recently heen
announeed hy the National Bureaun of Standarde, A
apries of testa recontly conducted by one of the lead-
ing producers of titanium, made on the material
finally selected for the standards, gave excellent: cor-
rel;itmn with the tesf results shown in the following
tables.

Tanie 1. Batkells Memorial Instituie
Obaeyrend valuas
Bamphe No, 352 | fampke Mo, 358 | Sampla Mo, 354
it o
Wa s i
3B B 208
8L E s 111
HLE nl bl ]
. Y Pk
.2 .5 anr
Taotel W deb.. ... U] 5 §
MeaD._. ___ ... ___pPID ] 4 2000
- L 2T [ )
¥ 1.9 X ] Ly
L8 x| 16
SLB b T anr
. L "

Wore: Intabiss 1 throngh @ the atendard deviation and pgefebent of varlablon
Werd compakerd ta ollots:

Standard daviatin =y= .‘/ZIX—II'}’
n—
where Xmobearved valoes,
Ky R
n-nm of daterminatlons
L]
Gmﬂﬂmtofm-f
Tawre 2. Nalienal Ressarck Corporaiion
Dhoarved values
Bampls No. 352 | Hsmple T, 333 | Sompk N, 38
o m
% T Y
an 4 104 5 2263
E R M2 bl R
AR 1042 2
ELA .2 7.3
Jt. e 104, & g2
ot b .1 22,9
n.y 0, 3 a7
a3 4 o, 4.1
34 Iz 215, ¢
5 104, & 4.9
"y gA 1 =M, T
o g 211 5
113 %

18 14 12
3.8 100,3 FILAL

a1 E1 L

4 5.1 25
1.2 w7 .
a8 114, B A
) ol e T

485



TasLe 3. Duponi Company TarLe 6. National Burean of Sondords
Obavved valpas Bitdple Tdo, 352 | Fample Mo, 353 | Bample Mo, 364]
Bample Mo, 382 | Bampls Nrun.:];ﬁﬁf Bample 3o, 54 O Fres T Fre- ab- Fre-
i served | quency| sereed | guency| served | quency
Talhies wslnes woloes
bl pm pm i
E | F | B | L
L3
o 0l He ?ﬂ% 3 a8 1 1] 1
0 gl Fo z a0 1 e a
0 11 np o 7 o F: s 4
30 T " n e i
5 5 5 8l 4 ] 11 nr 1
0.2 g L0
+1 42 4 32 7 uw 14 e L
i 55 14 1 # ™ a i i)
BRange._____.. e ..PPM_. B 13 E o 3 un L 210 14
High walua__......2 700 oo, 3 i 213 i 3 "% wo| o 1
Lret wmlde_. ___..__...DDm.. F:) ) ) a7 16 nz 12
o) 1 Pt -}
0 7 24 5
JiM} ] 215 i 1]
Ul 2 il L3
102 1 ar i
K 4
] L
221 2
TasLe 4.  Altegheny Ludlum Corpergiion
;1' i} lg 1} ﬂlﬁ-ﬂ
Obsrred ralues 7.3 L 13
71 IE.: a‘f_u
Bampike Mo an2 ( Buople Mo, 35 | Sampke No. ikt sg e 2l
i) =] 190
b1 Ll Tpm
4 1t =
w3 1M 2
0 1M Fr
3.7 0 220
.5 1 o0
T i b P
Tobal Blin deb oo i e 4 B L3
Mean. . 55.5 1080 29 %
L) 1.7 33
1.4 L7 1.6
LT 4 5
A 108 iy
a7 uH a7
TarLE .  Welerimon Arsennl Taote 7. Sample No 558
1 Crhaerved values Uroup IT
Beanple o, 362 | Bample Mo, 363 | Bampla Mo. 555 Labaratary Mean I «
m Fpm
ﬁ? fm‘u pom, MWat'l Rea, Corp. ... ﬁn 1.16 1.3
T w3 HET Wikarkown .'I.rsen!l-,- 3.7 —oos | .
Bm]lBMBm Inst. ... LA -, 85 P
8| 8 | i Y
. Al nm Tirdive Eop T s .05 20
bo.& wE He.o Aty L e B i, 75 058
peo | | oau
- - Ta 0}, b D> 5
g o 4 .2 Average 4, T Stundnrd dev, = 1, M
o] LI ] YT Atandard eTroT =ik G4
&1 v.E kR 85%% eonfidenes Jimits w3l BL] 4 DpIm.
ez Wb fat R Adopted valme for Groap T1T
a4 108, 2 Iy
= o f NG 2 PR
s W3 ZIE & -
LI} e s M]N:m:..- In tubdea T bhrongh B Ehe 85 pergent gooAdense Limity wers compuied s
[ad M
Todsl Mo . ded_ . __ 14 -
A prm ;T g L 4 peromt ConBrdeno inis= Xxi—)
Beandayd de.. pn 1.4 dod L W=
Coafl of ver_ ___ S +7 34 1.4 wheara .K-am
[ -ppm. L | 13 6 9.8 l-amndar{l devlation,
rahus, ... o, o 108, 2 2.2 EE T T O T T
Law %alde. ... ___Pom. T "k 204 t=2,671 b= Kt erition] vuhae ul"r"
given, for examgde, by Yoodeo [3].




TarLe 8. Spmple No, 858

Group II
Labaratory Mean [ gt
O PR

at") Hek, Oorp.- - oooeane e T T 5.20
Watertown Arsenal. T 1.7 by ]
Battella Mam. Inst_ - o8 4 -15 L6
Dk OO e e e Lk - 2 178
Al n¥ Luodlom Cop. .. . b Bdb PN L]
Nat'h Bor. Btanderds._ .. 95, D -4, 0
YwliEd, 2 IZdimill, 35
Average 830 Btandart dey, =3 552

Srandard eror=1. 447
P60 eonfdence Hmite w8, {48, 7 ppm.

Adapbed value for Orgup IT $94-3 oo

TasLm B, Sample No. 354

Groap I
‘Laboratory Mean i #
pm I
Wat'l Rea Corp .. ik 2| 4.1 A1
‘Watertown Argensl ... 54 05 L35
Baltell: Mom, Lot 200, 0 =59 .41
I 1r] e -3 E 41
Laodl 2002 T 54 TH
Hor'l Bur. Bieodards .. ___ 21B =-d.1 il
E=13. 5 Tt 124,
Avearsge 4+ Y Btandard dav, -4, W
Biandard error =2 (38
06575 confbdonce Lmlta=214, 843, 2 ppm.

Adopied valus for Greop 1 21520 ppm

BY G — G ——a

447

The authors are geateful to the Watertown Arsenal,
Watertown 72, Masa., and 5. W. Poole and R. 8.
Smith, Jr., of Republic Steel Corporation, South
Division, Canton, 5]110, through whose cooperation
the material for these samples was ubtuinedl? Alue,
we extend special thanks to Horace 5. Harper of this
lebovatory, who performed many of the anslyses,
and wlag to the following laboratories which coop-
Erﬂ.ted i;l the fine! analyeis of the samples with great

ispateh :

Allegheny Ludlum Steel Corporation, Research
and Devalopment Laboratories, Brackenndge, Pa.—
W. A. Paifer; Battelle Memorial Inetitute, Colum-
bus 1, Ohic—M. W. Mallett; E. I. du Pont de
Nemourz and Co., Pigmenta De artment, Experi-
mental Btation, W;’ilmingmn 03, Delaware—T. D
MeKinley; National Research Corporation, Cam-
bridge 42, Massachusetis—J. F. Martin; Watertown
Arsenal, Watertown 72, Massachusetts—3. Vigo.
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